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Abstract: Noise pollution in urban environments is today
a major problem affecting inhabitants of many European
cities. Reducing noise is therefore a necessity. As a result,
many cities now have noise action plans comprising con-
crete actions to tackle noise issues in affected areas. Nev-
ertheless, these often isolated documents only address ex-
isting problems. In order to change this practice an in-
tegrated strategy is necessary. A new approach to urban
sound planning, a holistic approach, is being developed
and tested within the SONORUS project and it is described
in this paper. SONORUS, theUrban Sound Planner project,
is an initial training network (ITN) that is educating re-
searchers in a whole range of acoustic disciplines, as well
as in advanced urban planning processes. An essential
part of this training is the application of the holistic ap-
proach to real test sites. Although this is an ongoing work,
a few innovative techniques were already developed and
its application to the test sites resulted in improved urban
sound planning tools. This paper promotes the discussion
about the implications that the holistic approach might
have in urban sound planning policies and how it can be a
driving force for changing the noise pollution situation in
urban environments.
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1 Introduction
One of the biggest consequences of urbanisation is en-
vironmental noise, being road traffic the most dominant
source. Recent studies [1, 2] indicate that urban noise,
in particular from road traffic, is the second major envi-
ronmental risk for Europeans, estimating that 125 million
people are affected by noise levels considered harmful.
Well known effects of noise-exposure include sleep distur-
bance, cardiovascular diseases, annoyance and cognitive
impairment, particularly on children [1]. Such evidence
has increased the concern about environmental noise in
Europe, which is reflected in the Environmental Noise Di-
rective (END) [3]. TheEND imposes to itsmembers to report
noise maps and more importantly, the definition and im-
plementation of action plans for larger urban areas, major
roads, railways and airports, with the aim to reduce pop-
ulation exposure to noise. However, the second round of
noise mapping and action plans from agglomerations had
a low participation [1]. Nevertheless, it is estimated that
by 2020, the number of people living in cities will dramat-
ically increase, and 80% of Europeans will be living in ur-
ban areas [4]. This tremendous densification is catalogued
as a major global health issue in the 21st century [5], with
the consequent pressure from environmental noise pollu-
tion.
In order to respond to the increasing population and
rural-urbanmigration processes, an unprecedented trans-
formation of the landscape and the environment is taking
place, where large-scale urban planning projects are de-
veloping faster than ever [5, 6]. Unfortunately, aspects re-
lated to the urban sound planning have not been taken
in consideration in most cases. Although some localized
solutions are being considered, there is a need for an in-
tegrated way to urban sound planning. Such challenge
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requires a holistic approach, connecting all stakeholders
and different aspects of liveability into a single coherent
solution. This task goes beyond the skills and scope of ex-
isting urban planners, leading to a new type of specialist
that encompasses the concept of acoustic environment, as
the “Urban Sound Planner”.
The holistic approach to urban sound planning,
within SONORUS project, means that urban sound plan-
ners should be involved in the planning process from the
beginning; the acoustic interventions should be extended
from pure noise control to sound quality and sound de-
sign; acoustic aspects altogether should be considered as
one independent planning discipline [7]. Only if urban
sound planners are involved earlier in the planning pro-
cess it is possible to contribute with sound design solu-
tions, concentrate on preventing the occurrence of noise,
not limiting the interventions to the obvious noise engi-
neering solutions, and coordinating actions of different
acoustic research topics to provide an integrated solution.
Theworking concept for the application of the holistic
approach involves a strong interaction with all the stake-
holders and the consideration for social, economic, cul-
tural, historical, and technical factors. The definition of
acoustic objectives is very important: besides noise lim-
its, the consideration for the human perception of sound
is essential [8]. As a consequence, the implementation of
the holistic approach demands more than the traditional
noise engineering tools. Therefore the application of new
tools will have a relevant role for a successful implemen-
tation. In the last years, this was the research topic of sev-
eral EU projects [9]. Innovative research provided new so-
lutions for urban sound planning such as: the use of green
noise barriers, different types of soil, or recycled materials
to abate noise and improve the perception of the sound en-
vironment, particularly on urban environments. This was
the research topic of the HOSANNA project [10]. A new in-
dex reflecting public´s perception of noise was developed
within the HARMONICA project. It facilitates the commu-
nication of acoustic considerations to all stakeholders, in-
cluding non-experts [11]. The integration of the quiet side
concept in urban planning and its positive effects were
studied in QSide [12] and QUADMAP [13] projects. These
are just a few examples of research outcomes for urban
sound planning from recent EU projects. However, the in-
tegration and connection of knowledge with planning au-
thorities has not yet been extensively covered. SONORUS
aims to fill this gap through the training and education
of researchers in diverse areas of acoustical knowledge,
urban planning and communication. These profession-
als will thus be prepared to work with the urban plan-
ning authorities, aiming to contribute to reverse the ac-
tual situation of poor urban acoustic environment [14, 15].
In this sense, SONORUS’ city partners (Antwerp, Brighton
& Hove, Gothenburg and Rome) are very important for
the project’s concept, as they provide test sites where the
holistic approach is being implemented and the feasibil-
ity of this methodology can be tested with actual planning
problems.
The purpose of this paper is:
• to determine and analyse the inclusion of a holistic
urban sound planning into the general urban plan-
ning process;
• to test how the holistic approach can be applied at-
tending to the different needs of the four test sites;
• to present the outcomes of the holistic approach and
a critical analysis (SWOT) on its practical implemen-
tation.
The improvement and/or preservation of the acoustic
environment of public spaces is one major concern of the
four test sites. Three methodologies are pursued accord-
ing to the research themes in the SONORUS project, the
working group background and the test site needs: sound-
scaping (Rome and Brighton & Hove), noise control and
design (Antwerp) and noise prediction methods (Gothen-
burg). Consultation of stakeholders’ perception about the
sound environment or the integration of different techni-
cal disciplines to design a final solution are examples of
the common strategy, implemented in all test sites, based
on the holistic approach.
In order to meet challenges proposed by city-partners
as part of the bigger urban planning context, this paper
starts by analyzing each test site including: a general con-
textualization of the city; a description of specific chal-
lenges presented by each test site; and the research car-
ried out. To reflect on the practical implementation of the
holistic urban sound planning approach, the discussion
section includes an overview of each test site holistic im-
plementation. This overview is driven by a SWOT analysis
to assess the implications that this approach might have
for urban sound planning in the future.
2 Test sites analysis
In order to analyse the inclusion of the holistic approach
of urban sound planning, as well as the developed re-
search and results obtained to improve and/or preserve
the acoustic environment, the four test sites included are
presented in the next paragraphs, namely: Rivierenhof
Park in Antwerp (Belgium), Valley Gardens in Brighton &
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implementation. This overview is driven by a SWOT analysis to assess the implications that 100 
this approach might have for urban sound planning in the future. 101 
2. Test sites analysis 102 
In order to analyse the inclusion of the holistic approach of urban sound planning, as well as 103 
the developed research and results obtained to improve and/or preserve the acoustic 104 
environment, the four test sites included are presented in the next paragraphs, namely: 105 
Rivierenhof Park in Antwerp (Belgium), Valley Gardens in Brighton & Hove (United 106 
Kingdom), Frihamnen area in Gothenburg (Sweden) and Colosseum, Palatine and Roman 107 
Forum area in Rome (Italy). 108 
 109 
2.1. Antwerp:  Rivierenhof Park   110 
2.1.1. General description 111 
Antwerp is one of the most populated cities in Belgium [16]. The test site proposed by the city 112 
is composed of different areas affected by a road infrastructure node located at the northwest 113 
with intense traffic that combines two major road infrastructures and a ring road with local 114 
roads (Fig. 1). 115 
 116 
Figure 1 – Aerial view of  traffic road node in Antwerp provided by the City of Antwerp 117 
Figure 1: Aerial view of traflc road node in Antwerp provided by the City of Antwerp.
The different urban configurations of these areas demand applying solutions from various 118 
approaches. Therefore this site provides an interesting exhibition of potential acoustic 119 
problems that may arise in a city. The complexity and variety of them clearly shows the 120 
necessity of a holistic approach, since acoustical, architectonic and urban views were 121 
simultaneously needed to reach an efficient solution. The Antwerp test site approach focused 122 
on providing analysis, tips and viewpoints, as required by the city council representative. 123 
 124 
Figure 2 – General map of the site and numbered areas: 1-Tuinwijk,  2 -  Hof ter Lo , 3 - Rivierenhof Park,  4- 125 
Spoor Oost, 5-connection with Rivierenhof Park 126 
For the purpose of this paper, the work related to the Rivierenhof Park will be described in 127 
detail (Area 3, see Fig. 2). 128 
2.1.2. Specific challenges 129 
Rivierenhof Park is affected by high noise levels due to the busy E313 highway, which 130 
surrounds the park on the south side. In order to evaluate the soundscape quality of 131 
Rivierenhof Park, a study was conducted including a recording measurement campaign: 132 
audio, instantaneous 1/3-octave band levels and GPS data [17]. To allow the identification of 133 
the subjective visitor´s opinion about sound environment, a questionnaire survey was 134 
completed in the same time-frame, [18]. A noise map was produced as part of this research 135 
Figure 2: General map of the site and numbered areas: 1 – Tuinwijk, 2 – Hof ter Lo, 3 – Rivierenhof Park, 4 – Spoor Oost, 5 – connection with
Rivierenhof Park.
Hove (United Kingdom), Frihamnen area in Gothenburg
(Sweden) andColosseum,Palatine andRomanForumarea
in Rome (Italy).
2.1 Antwerp: Rivierenhof Park
2.1.1 General description
Antwerp is ne of the most populated c ties in B l-
gium [16]. The test site proposed by the city is composed
of different areas affected by a road infrastructure node lo-
cated at the northwest with intense traffic that combines
two major road infrastructures and a ring road with local
roads (Fig. 1).
The different urban configurations of these areas de-
mand applying solutions from various approaches. There-
fore this site provides an interesting exhibition of poten-
tial acoustic problems that may arise in a city. Their com-
plexity and variety clearly shows the necessity of a holistic
approach, since acoustical, architectonic and urban views
were simultaneously needed to reach an efficient solution.
The Antwerp test site approach focused on providing anal-
ysis, tips and viewpoints, as required by the city council
representative.
For the purpose of this paper, the work related to the
Rivierenhof Park will be described in detail (Area 3, see
Fig. 2).
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outcome (see Fig. 3).  High noise levels were measured at the south and west of the park near 136 
the highway and on the road crossing the park. 137 
 138 
Figure 3 –  Noise map Rivierenhof Park (LAeq) (extracted from [17]) 139 
The road forms part of Sterckshoflei and Hooftvunderlei street. It has a total length of 1km 140 
and two traffic lanes adjacent to a bicycle and pedestrian path both sides (Fig. 4). This layout 141 
decreases pedestrian safety and interrupts the cohesion of the park as along the 1 km, only 4 142 
crossing points are settled. At the same time, the linear geometry of the road enhances vehicle 143 
acceleration and consequently, traffic noise in the middle of a green area. From the aesthetic 144 
and visual point of view, it gives the misleading impression to the visitor that this is the 145 
border of the park and the beginning of the urban built environment. Additionally, this road is 146 
a significant source of road traffic noise, with LAeq values around 70 dB as shown in (Fig. 3) 147 
depreciating the user’s experience of the park. 148 
 149 
Figure 4 – Road crossing Rivierenhof Park (Sterckshoflei  St.) 150 
Figure 3: Noise map Rivierenhof Park (LAeq) (extracted from [17]).
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2.1.2 Specific challenges
Rivierenhof Park is affected by high noise levels due to
the busy E313 highway, which surrounds the park on the
south side. In order to evaluate the soundscape quality
of Rivierenhof Park, a study was conducted including a
recordi g measurement campaign: audio, instantaneous
1/3-octave band levels andGPSdata [17]. To allow the iden-
tification of the subjective visitor´s opinion about sound
environment, a questionnaire surveywas completed in the
same time-frame [18]. A noisemapwas produced as part of
this research outcome (see Fig. 3). High noise levels were
measured at the south and west of the park near the high-
way and on the road crossing the park.
The road forms part of Sterckshoflei and Hooftvun-
derlei street. It has a total length of 1 km and two traffic
lanes adjacent to a bicycle and pedestrian path both sides
(Fig. 4). This layout decreases pedestrian safety and in-
terrupts the cohesion of the park as along the 1 km, only
4 crossing points are settled. At the same time, the linear
geometry of the road enhances vehicle acceleration and
consequently, traffic noise in the middle of a green area.
From the aesthetic and visual point of view, it gives the
misleading impression to the visitor that this is the border
of the park and the beginning of the urban built environ-
ment. Additionally, this road is a significant source of road
traffic noise, with LAeq values around 70 dB as shown in
Fig. 3 depreciating the user’s experience of the park.
2.1.3 Integration of urban sound planning
The problems caused by the crossing road could have been
prevented in a planning stage, applying a more appropri-
ate traffic flows distribution. Currently, the road cannot be
completely removed due to urban and traffic configura-
Brought to you by | University of Sheffield
Authenticated
Download Date | 4/12/16 3:53 PM
Urban sound planning within the SONORUS project | 61
to the current situation, where both the cyclist and pedestrian path are located next to the road.190 
 191 
Figure 5 - Scenarios modelled: current, scenario 1, scenario 2 192 
Seven different cases are calculated in total (Fig. 6). In both proposed scenarios, pedestrian 193 
and cycling path are located at a further distance from the road (8.5 and 17 m respectively), 194 
making possible to include two absorbent green areas 195 
Figure 5: Scenarios modelled: current, scenario 1, scenario 2.
tion. However, following a holistic approach can mild ex-
isting problems. The working group proposed the follow-
ing solutions to mitigate the problems generated by road
traffic, to increase pedestrian safety, reduce traffic noise
emission and increase urban green space quality:
• Separating the two traffic lanes;
• Reducing the number of lanes: redistribute the traf-
fic flow to other possible routes bordering the park;
• Reducing traffic speed with calming measures, as
the inclusion of chicanes along the road which is
proved to reduce traffic speed [19]. It avoids the lin-
ear perception of the road giving visual continuity to
the park;
• Adding a porous road surface material;
• Locating vegetated low barriers next to the source;
• Including absorbent vegetated areas between
source and receiver to give visual continuity to the
park avoiding the impression of park border;
• Locating pedestrian path and bike lane at a further
distance from the road.
Most of the proposed solutions were acoustically cal-
culated using the full wave numerical method Finite Dif-
ference Time Domain (FDTD). The addition of different
shapes of low barriers was also assessed. In the FDTD
method [20], sound propagation equations are solved in
time-domain. The main objective is to assess the effect of
the different solutions and to achieve the largest noise re-
duction for cyclists and pedestrians. Different nois abate-
ment measures were tested taking into account previous
work [21].
The simulation grid with 2 cm cell size allows a fre-
quency accuracy up to 1 kHz octave band. A perfectly re-
flective material was assigned to the road surface, the bike
lane and the pedestrian path. Absorptive areas simulating
vegetation substrate aremodelled by a rigid-porous frame.
Imission levels are calculated in octave bands using
the CNOSSOS Equivalent source model [22]. Other sources
are not considered and traffic intensity is of no interest
as the concerned values are relative to the current situa-
tion. A horizontal line of receivers separated 6 cm is posi-
tioned at 1.5 m height along the cross section. Values for
pedestrians and cyclists are compared in different scenar-
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 196 
Figure 6- Cases and scenarios assessed in FDTD method 197 
Two different low barriers (vertical or 30 degrees inclined) of 1.1 m height have been 198 
assessed taking into account different traffic speeds (50, 40 and 30 km/h). Both low barriers 199 
are calculated with green absorption on the top and receiver side of the barrier [21]. The total 200 
pressure levels distribution along the section at 1.5 m height in the different cases are 201 
compared to the current situation and show together with the correspondent geometry for Sc1 202 
and Sc2 (Fig. 7).  The inclined low barrier for the Sc2 is the most effective solution, with a 203 
reduction of 11.5 dB(A) in the exposure for the same position. The comparison between the 204 
two charts show the importance of limiting the traffic speed achieving around 5 dB(A) 205 
reduction. 206 
Figure 6: Cases and scenarios assessed in FDTD method
ios to reach the most suitable solution for both. The total
pressure level A-weighted relative to free field is obtained
for each receiver along the section at a pedestrian height.
Further information about method and calculation can be
found in [21].
The different noise abatement measures are included
in two new scenarios (Fig. 5): scenario 1 (Sc1) keeping the
two lane road, and scenario 2 (Sc2) modelling one lane
road, and compared to the current situation, where both
the cyclist andpedestrianpath are locatednext to the road.
Seven different cases are calculated in total (Fig. 6). In
both prop sed scena ios, pedestrian a d cycling path are
located at a further distance from the road (8.5 and 17 m
respectively), making possible to include two absorbent
green areas.
Two different low barriers (vertical or 30 degrees in-
clined) of 1.1 m height have been assessed taking into ac-
count different traffic speeds (50, 40 and 30 km/h). Both
low barriers are calculated with green absorption on the
top and receiver side of the barrier [21]. The total pressure
levels distribution along the section at 1.5 m height in the
different cases are compared to the current situation and
show together with the correspondent geometry for Sc1
and Sc2 (Fig. 7). The inclined low barrier for the Sc2 is the
most effective soluti n,with a re uctionof 11.5 dB(A) in the
exposure for the same position. The comparison between
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 207 
Figure 7 - Noise exposure along the cross section at 1.5 m height. a) Scenario 1. b) Scenario 2 208 
The range of values along the bike lane and the pedestrian path is small (Fig. 8), where the 209 
boxplots show the noise reduction along the bike lane and the pedestrian path for the 50 km/h 210 
cases in the Sc1 and for the 30 km/h cases in the Sc2. These values are relative to the median 211 
value of cyclist lane in the actual case. 212 
 213 
(a)
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Figure 7 - Noise exposure along the cross section at 1.5 m height. a) Scenario 1. b) Scenario 2 208 
The range of values along the bike lane and the pedestrian path is small (Fig. 8), where the 209 
boxplots show the noise reduction along the bike lane and the pedestrian path for the 50 km/h 210 
cases in the Sc1 and for the 30 km/h cases in the Sc2. These values are relative to the median 211 
value of cyclist lane in the actual case. 212 
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(b)
Figure 7: Noise exposure along the cross section at 1.5 m height: a) Scenario 1; b) Scenario 2.
the two charts show the importance of limiting the traffic
speed achieving around 5 dB(A) reduction.
The range of values along the bike lane and the pedes-
trian pat is small (Fig. 8), where the boxpl ts show the
noise reduction along the bike lane and the pedestrian
path for the 50 km/h cases in the Sc1 and for the 30 km/h
cases in the Sc2. These values are relative to the median
value of cyclist lane in the actual case.
The exposure reduction in dB(A) relative to the refer-
ent values in the current case (cyclist at 4m and the pedes-
trian at 5 m) are shown in Fig. 9 and Table 1. They show
large noise reductions, especially in the cases with the in-
clined low barrier, where a 25 dB(A) reduction is achieved
on the cyclist exposure at 8.5 m distance and 30 dB(A) re-
duction for the pedestrian exposure at 17 m in the Sc2 (Fig-
ure 9).
Some main ideas can be concluded:
• The combination of different noise abatement mea-
sures proposed can reduce up to 24.7 dB(A) for cy-
clist and up to 30 dB(A) for pedestrians;
• The suppression of one traffic lane gives an overall
reduction of aro nd 3 dB(A);
• Decreasing the speed from 50 to 40 km/h reduces an
overall noise level around 2.7 dB(A). Reducing the
speed from40km/h to 30 km/h additionally reduces
around 3.1 dB(A);
• The fact of displacing the cyclist and pedestrian
lanes further away from the source achieves a reduc-
tion of around 7 dB(A) and 17 dB(A) respectively;
• Vegetated surfaces only reducenoise at far distances
when large green surfaces absorb part of the sound.
Reduction of around 6.5 dB(A) is achieved for pedes-
trians at 17 m from the road;
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Table 1: Noise reduction for cyclist at 8.5 m and pedestrian at 17 m from the road center in both scenarios. Vegetated substrate is consid-
ered.
No barrier Vertical barrier Incl low barrier
50
km/h
40
km/h
30
km/h
50
km/h
40
km/h
30
km/h
50
km/h
40
km/h
30
km/h
Sc1 Cyc 8.5 m −7.5 −10.3 −13.6 −13.7 −16.3 −19.5 −17.5 −20.1 −23.0
Ped 17 m −18.2 −21.0 −24.3 −18.4 −21.1 −24.3 −22.7 −25.4 −28.5
Sc2 Cyc 8.5 m −10.4 −13.2 −16.5 −16.8 −19.6 −22.8 −19.1 −21.7 −24.7
Ped 17 m −21.2 −23.9 −27.2 −21.6 −24.3 −27.7 −24.2 −26.8 −30.0
Reference values: values for cyclists at 4 m and pedestrians at 5 m (current positions)
 207 
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The range of values along the bike lane and the pedestrian path is small (Fig. 8), where the 209 
boxplots show the noise reduction along the bike lane and the pedestrian path for the 50 km/h 210 
cases in the Sc1 and for the 30 km/h cases in the Sc2  These values are relative to the median 211 
value of cyclist lane in the actual case. 212 
 213 
Figure 8: Noise exposure along cyclist and pedestrian path in different cases compared to the current scenario. Reference value for both is
the median value for cyclists in the current case. left) Sc1. Cases at 50 km/h. right) Sc2. Cases at 30 km/h.
Figure 8 - Noise exposure along cyclist and pedestrian path in different cases compared to the current scenario. 214 
Reference value for both is the median value for cyclists in the current case. left) Sc1. Cases at 50 km/h. right) 215 
Sc2. Cases at 30 km/h 216 
The exposure reduction in dB(A) relative to the referent values in the current case  (cyclist at 217 
4 m and the pedestrian at 5 m) are shown in Fig. 9 and Table 1. They show large noise 218 
reductions, especially in the cases with the inclined low barrier, where a 25 dB(A) reduction is 219 
achieved on the cyclist exposure at 8.5 m distance and 30 dB(A) reduction for the pedestrian 220 
exposure at 17 m i  the Sc2 (Figure G4). 221 
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Figure 9 - Noise reduction in dB(A) for cyclist at 8.5m and pedestrian at 17 m from the road centre in both 223 
scenarios. Vegetated substrate is considered. 224 
 225 
Table 1 - Noise reduction for cyclist at 8.5 m and pedestrian at 17 m from the road center in both scenarios. 226 
Vegetated substrate is considered. 227 
 No barrier Vertical barrier Incl low barrier 
50 
km/h 
40 
km/h 
30 
km/h 
50 
km/h 
40 
km/h 
30 
km/h 
50 
km/h 
40 
km/h 
30 
km/h 
Sc1 Cyc 8.5 m -7.5 -10.3 -13.6 -13.7 -16.3 -19.5 -17.5 -20.1 -23.0 
Ped 17 m -18.2 -21.0 -24.3 -18.4 -21.1 -24.3 -22.7 -25.4 -28.5 
Sc2 Cyc 8.5 m -10.4 -13.2 -16.5 -16.8 -19.6 -22.8 -19.1 -21.7 -24.7 
Ped 17 m -21.2 -23.9 -27.2 -21.6 -24.3 -27.7 -24.2 -26.8 -30.0 
Figure 9: Noise reduction in dB(A) for cyclist at 8.5 m and pedestrian at 17 m from the road centre in both scenarios. Vegetated substrate is
considered.
• The addition of a low vertical barrier reduces around
6 dB(A) for cyclists but practically no effect is found
for pedestrians;
• The inclined barrier achieves bigger reductions than
the vertical one in all cases. It additionally reduces
around 4 dB(A) in Sc1 and around 2 dB(A) in Sc2
for cyclists. For pedestrians, a reduction of nearly
5 dB(A) is achieved in Sc1 and 3 dB(A) in Sc2.
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2.2 Brighton & Hove: Valley Gardens
2.2.1 General description
Brighton & Hove is a city of 250,000 residents. It was the
first authentic seaside resort in the country and although
it had a deceleration moment in the last decades of the
twentieth century, tourism is now growing again and is
certainly one of the main factors for the city development.
Brighton & Hove has a wide range of restaurants and of-
fers a varied nightlife, which, along with the impressive
arts and cultural events have created a thriving city.
The setback of being such a thriving city is pres-
sure from tourism and night-time economy against the de-
mands of residents’ activities, directly related to the prob-
lems due to excessive noise and the nuisance it generates.
The city center is affected by noise from human activities
and in particular from road traffic. The Valley Gardens site
is located in the city center and goes from the seafront
roundabout (Brighton’s pier) to approximately 1.5 km into
the City (see Fig. 10).
This is a relevant access for entering and leaving the
City and also for accessing the seaside. Consequently, it is
largely affected by high noise levels from road traffic. The
residents do not use the green areas along the site for their
leisure activities.
Added to the problem of noise, there are also mobil-
ity issues: some road sections have a total of four lanes,
not very wide sidewalks and almost non-existing cycling
lanes which make it difficult for people to move around
(see Fig. 11).
In this sense, a project started with the purpose to im-
prove the area, called The Valley Gardens project involv-
ing the transformation and complete redesign of the site.
The plan’s aim is to upgrade the public spaces and im-
prove routes for pedestrians, cyclists, drivers and public
transport. These elements are discussed in the City’s mas-
ter plan, which defines the vision for the area [23]. Accord-
ing to the city partner description, the objective of the plan
concerning noise/sound is: “Using sound as a valuable re-
source rather than a “waste product of poorly designed ar-
eas” – this project seeks to minimise intrusive/unwanted
noise whilst at the same time introduce positive sounds”.
2.2.2 Specific challenges
The overall goal of the City for this area, as reported in the
vision for the Valley Gardens [23] is to: “become a key area
of Brighton&Hove that adds to the city’s appeal.Wewould
like Valley Gardens to be: an attractive, flexible, safe space
The setback of being such a thriving city with pressures from tourism and night-time 252 
economy against the demands of residents’ activities, directly related to the problems due to 253 
excessive noise and the nuisance it generates. The city center is affected by noise from human 254 
activities and in particular from road traffic. The Valley Gardens site is located in the city 255 
center and goes from the seafront roundabout (Brighton's pier) to approximately 1.5 km into 256 
the City (see Fig. 10) 257 
 258 
Figure 10 – A view of the Valley Gardens test site) 259 
Thi  is a relevant access for entering and leaving the City and also for accessing the seaside. 260 
Consequently, it is largely affected by high noise levels from road traffic. The residents do not 261 
use the green areas along the site for their leisure activities.   262 
Added to the problem of noise, there are also mobility issues: some road sections have a total 263 
of four lanes, not very wide sidewalks and almost non-existing cycling lanes which make it 264 
difficult for people to move around (see Fig. 11). 265 
Figure 10: A view of the Valley Gardens t st site.
 266 
Figure 11 – Valley Gardens site (courtesy of Brighton & Hove City Council) 267 
In this sense, a project started with the purpose to improve the area, called The Valley 268 
Gardens project involving the transformation and complete redesign of the site. The plan’s 269 
aim is to upgrade the public spaces and improve routes for pedestrians, cyclists, drivers and 270 
public transport. These elements are discussed in the City’s master plan, which defines the 271 
vision for the area [23]. According to the city partner description, the objective of the plan 272 
concerning noise/sound is: “Using sound as a valuable resource rather than a “waste product 273 
of poorly designed areas” – this project seeks to minimise intrusive/unwanted noise whilst at 274 
the same time introduce positive sounds”. 275 
2.2.2. Specific challenges 276 
The overall goal of the City for this area, as reported in the vision for the Valley Gardens [23] 277 
is to: “ become a key area of Brighton & Hove that adds to the city’s appeal. We would like 278 
Valley Gardens to be: an attractive, flexible, safe space that enhances the city centre’s 279 
environment; a place that will attract residents and visitors at all times of the day and year, 280 
Figure 11: Valley Gardens site (courtesy of Brighton & Hove City
Council).
that enhances the city centre’s environment; a place that
will attract residents and visitors at all tim s of th day
and year, with something for everyone to enjoy; a meeting
place, connecting the city efficiently and safely however
people travel”.
Nevertheless, the current situation is deeply affected
bynoiseproblems, the entireValleyGardens areabeing ex-
Brought to you by | University of Sheffield
Authenticated
Download Date | 4/12/16 3:53 PM
66 | S. Alves et al.
with something for everyone to enjoy; a meeting place, connecting the city efficiently and 281 
safely however people travel”.  282 
Nevertheless, the current situation is deeply affected by noise problems, the entire Valley 283 
Gardens area being exposed to high noise levels, in particular road traffic noise. The noise 284 
map from 2013 of Brighton & Hove is publically available [24] and noise levels on the site, 285 
are (road noise): Lden ≥ 65 dB(A) and Ln ≥ 60 dB(A) as reported in Fig. 12 and 13. Both Lden and 286 
Lnight are above the recommended levels by the WHO World Health Organisation (WHO) [25] 287 
and [26] of 50 dB(A) and 40 dB(A), respectively.  One of the first challenges proposed by the 288 
city was to tackle this problem, while improving the soundscape of the parks. 289 
 290 
Figure 12 – Lden levels at Brighton city centre.  the Valley Gardens area is visible immediately above the red 291 
circle [24] 292 
 293 
Figure 12: Lden levels at Brighton city centre. The Valley Gardens area is visible immediately above the red circle [24].
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Gardens area being exposed to high noise levels, in particular road traffic noise. The noise 284 
map from 2013 of Brighton & Hove is publically available [24] and noise levels on the site, 285 
are (road noise): Lden ≥ 65 dB(A) and Ln ≥ 60 dB(A) as reported in Fig. 12 and 13. Both Lden and 286 
Lnight are above the recommended levels by the WHO World Health Organisation (WHO) [25] 287 
and [26] of 50 dB(A) and 40 dB(A), respectively.  One of the first challenges proposed by the 288 
city was to tackle this problem, while improving the soundscape of the parks. 289 
 290 
Figure 12 – Lden levels at Brighton city centre.  the Valley Gardens area is visible immediately above the red 291 
circle [24] 292 
 293 
Figure 13: Lnight levels at Brighton city centre. The Valley Gardens area is visible immediately above the red circle [24].
posed to high noise levels, in particular road traffic noise.
The noise map from 2013 of Brighton & Hove is publically
available [24] and noise levels on the site, are (road noise):
Lden ≥ 65 dB(A) and Ln ≥ 60 dB(A) as reported in Fig. 12
and 13. Both Lden and Lnight are above the recommended
levels by the WHO World Health Organisation (WHO) [25]
and [26] of 50 dB(A) and 40 dB(A), respectively. One of
the first challenges proposed by the city was to tackle this
problem, while improving the soundscape of the park.
2.2.3 Integration of urban sound planning
The ESRs working group first approach was the analysis
of the current road traffic noise levels situation, but also
the current sound environment in Valley Gardens. Thus,
two main strategies were defined: Producing a more de-
tailed road traffic noise map of Valley Gardens area; Char-
acterising the sound environment in Valley Gardens both
from the acoustic metrics’ and the individual perception
(i.e. soundscape) point of view.
Brought to you by | University of Sheffield
Authenticated
Download Date | 4/12/16 3:53 PM
Urban sound planning within the SONORUS project | 67
 310 
Figure 14 – Valley Gardens. Identification of receiver points (left). Lden values with updated traffic data (right) 311 
In order to mitigate the negative effects of traffic noise, the City Council plans to revise the 312 
current traffic layout by changing the width of some lanes and moving the private traffic to 313 
the East bound, leaving public traffic on the West bound (see Fig. 15). Such actions are likely 314 
to have significant impacts on the sound environment of Valley Gardens. Therefore, these 315 
scenarios, as well as other possible scenarios, were modelled.  316 
Figure 14: Valley Gardens. Identification of receiver points (left).
Lden values with updated traflc data (right).
 317 
Figure 15 – New traffic model for Valley Gardens (courtesy of Brighton & Hove City Council) 318 
A number of noise mitigation actions have been proposed in order to assess potential benefits 319 
of an overall solution aimed at improving the Valley Gardens sound environment. Six general 320 
cases were considered, for which the main actions are summarised in Table 2.  321 
Table 2 - Proposed and tested noise mitigation actions 322 
Case Action 
1 No reflections from buildings 
2 Speed limit set to 20 m/h 
3 Absorbent noise barrier around the park 
4 No heavy vehicles  
5 Buses on the West bound and remaining traffic on the East bound 
6 All traffic to the East bound 
 323 
The six cases were tested in the updated noise map and the results are shown in the following 324 
(Fig. 16). These results are being worked and discussed with the City Council. 325 
Figure 15: New traflc model for Valley Gardens (courtesy of Brighton
& Hove City Council).
Agoodacoustic characterisation of currentValleyGar-
dens’ situation will constitute a solid background for fu-
ture proposals and design suggestions.
A detailed road traffic noise map was produced for
Valley Gardens. This was performed by the ESRs work-
ing group, making use of the most recent road traffic data
provided by the Brighton & Hove City Council, represent-
ing the current situation of traffic noise. Fifty-five receiver
Table 2: Proposed and tested noise mitigation actions.
Case Action
1 No reflections from buildings
2 Speed limit set to 20 m/h
3 Absorbent noise barrier around the park
4 No heavy vehicles
5 Buses on the West bound and remaining traflc on
the East bound
6 All traflc to the East bound
points were selected within the study area in order to gen-
erate the noise map (Lday), calculated according to the
CRTNmethod andmodelledwith the noise prediction soft-
ware CadnaA (version 4.4.145) (see Fig. 14).
In order tomitigate the negative effects of traffic noise,
the City Council plans to revise the current traffic layout by
changing the width of some lanes and moving the private
traffic to the East bound, leaving public traffic on theWest
bound (see Fig. 15). Such actions are likely to have signifi-
c nt impacts on the sound environment of Valley Gardens.
Therefore, these scenarios, as well as other possible sce-
narios, were modelled.
A number of noise mitigation actions have been pro-
posed in order to assess potential benefits of an overall so-
lution aimed at improving the Valley Gardens sound envi-
ronment. Six general cases were considered, for which the
main actions are summarised in Table 2.
The six cases were tested in the updated noise map
and the results are shown in the following (Fig. 16). These
results are beingworked anddiscussedwith theCity Coun-
cil.
Regarding the characterisation of the sound environ-
ment, a combined noise survey and soundwalk campaign
was carried out at eight selected locations close andwithin
the Valley Gardens; namely: 1. Seafront, 2. The Old Steine,
3. Royal Pavilion, 4. Victoria Gardens South – Victoria
Statue, 5. VictoriaGardens South–MazdaFountain, 6. Vic-
toria Gardens North, 7. St Peter’s Church and 8. The Level.
A sample of 21 participants from the SONORUS Con-
sortium took part. Participants were led by an experi-
menter walking across the study area and stopping at the
eight selected locations. For each location, participants
were asked to listen to the acoustic environment for two
minutes and to fill in a structured questionnaire. The ques-
tionnaire [27] included questions about: participants’ de-
mographic information, expected social or recreational ac-
tivities, noticeability of different sound sources’ types, per-
ceptual attributes’ semantic scales related to the sound
Brought to you by | University of Sheffield
Authenticated
Download Date | 4/12/16 3:53 PM
68 | S. Alves et al.
 326 
Figure 16 – Results of different scenarios suggested by the working group at different random points within the 327 
park (points P1 to P9, from top to bottom) and building facades (points B1 to B6, from to bottom) 328 
Regarding the characterisation of the sound environment, a combined noise survey and 329 
soundwalk campaign was carried out at eight selected locations close and within the Valley 330 
Gardens; namely: 1. Seafront, 2. The Old Steine, 3. Royal Pavilion, 4. Victoria Gardens South 331 
– Victoria Statue, 5. Victoria Gardens South – Mazda Fountain, 6. Victoria Gardens North, 7. 332 
St Peter’s Church and 8. The Level.  333 
A sample of 21 participants from the SONORUS Consortium took part. Participants were led 334 
by an experimenter walking across the study area and stopping at the eight selected locations. 335 
For each location, participants were asked to listen to the acoustic environment for 2-minutes 336 
and to fill in a structured questionnaire. The questionnaire [27] included questions about: 337 
participants’ demographic information, expected  social or recreational activities, noticeability 338 
of different sound sources’ types, perceptual attributes’ semantic scales related to the sound 339 
environment and overall quality and appropriateness of the sound environment. Two sets of 340 
questions were further considered for the work with the City Council:  341 
 Soundscape quality: 342 
Figure 16: Results of different scenarios suggested by the working group at different random points within the park (points P1 to P9, from
top to bottom) and building facades (points B1 to B6, from top to bottom).
environment and overall quality and appropriateness of
the sound environment. Two sets of questionswere further
considered for the work with the City Council:
• Soundscape quality:
- “Overall, how would you describe the present
surrounding sound environment?”
- “Overall, to what extent is the present sur-
rounding sound environment appropriate to
the present place?”.
For both questions, a ten-point scale was used, rang-
ing from“very bad” (0) to “very good” (10) for Q1, and from
“not at all” (0) to “perfectly” (10) for Q2.
• Sound sources profiles:
“To what extent do you presently hear the following
five types of sounds?”
- Traffic noise (e.g., cars, buses, trains, air-
planes)
- Other noise (e.g., sirens, construction, indus-
try, loading of goods)
- Sounds of individuals (e.g., conversation,
laughter, children at play)
- Crowds of people (e.g., passers, restaurants,
sports event, festival)
- Natural sounds (e.g., singing birds, flowing
water, wind in vegetation)
For this question, a ten-point scale was used, ranging
from “do not hear at all” (0) to “dominates completely”
(10).
While participants were filling the questionnaire, an
operator carried out sound-pressure level measurements
bymeans of a calibrated sound level meter. Overall results
are presented below (Figs. 17 and 18).
With the data collected during the soundwalk, a
“sound sources’ dominance map” was also produced by
implementing the mean individual scores for the sound
sources profiles question into a Geographical Information
System (GIS) platform and generating a prediction sur-
face for the study area through the ‘krigi g’ interpolation
method [27] (Fig. 19).
From these maps it can be obs rv that road traf-
fic noise sources dominate the area and that “sounds
of crowds” and “sounds of individuals” had low scores,
which suggests the absence of human activities through-
out the park. This area is not considered to be a place to go
for outdoor leisure or gathering activities [27].
A different soundscape strategy was also proposed,
aimed at achieving attentional auditory masking for hot
spots where traffic noise reduction is not easily feasible.
The sound-pressure level of a walking sound on a plat-
form covered with gravel was compared with a 15-second
excerpt of traffic noise recorded at a crossroad in Valley
Gardens. This was performed with the idea to show that
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 361 
Figure 17 – Sound Pressure Level at the 8 selected points along Valley Gardens 362 
 363 
Figure 18 – Median individual responses for appropriateness of the sound environment to the place (ranging 364 
from 0 “not at all appropriate” to 10 “completely appropriate”) and overall sound environment quality (ranging 365 
from 0 “very bad” to 10 “very good”) 366 
With the data collected during the soundwalk, a “sound sources’ dominance map” was also 367 
produced by implementing the mean individual scores for the sound sources profiles question 368 
into a Geographical Information System (GIS) platform and generating a prediction surface 369 
for the study area through the ‘kriging’ interpolation method [27] (Fig. 19). 370 
Figure 17: Sound Pressure Level at the 8 selected points along Valley Gardens.
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Figure 17 – Sound Pressure Level at the 8 selected points along Valley Gardens 362 
 363 
Figure 18 – Median individual responses for appropriateness of the sound environment to the place (ranging 364 
from 0 “not at all appropriate” to 10 “completely appropriate”) and overall sound environment quality (ranging 365 
from 0 “very bad” to 10 “very good”) 366 
With the data collected during the soundwalk, a “sound sources’ dominance map” was also 367 
produced by implementing the mean individual scores for the sound sources profiles question 368 
into a Geographical Information System (GIS) platform and generating a prediction surface 369 
for the study area through the ‘kriging’ interpolation method [27] (Fig. 19). 370 
Figure 18:Median individual responses for appropriateness of the sound environment to the place (ranging from 0 “not at all appropriate”
to 10 “completely appropriate”) and overall sound environment quality (ranging from 0 “very bad” to 10 “very good”).
Brought to you by | University of Sh ffield
Authenticated
Download Date | 4/12/16 3:53 PM
70 | S. Alves et al.
 371 
Figure 19 – Sound source dominance map: Traffic (a), Natural sounds (b), Sounds of crowds (c), Sounds of 372 
individuals (d) - extracted from [27] 373 
From these maps it can be observed that road traffic noise sources dominate the area and that 374 
“sounds of crowds” and “sounds of individuals” had low scores, which suggests the absence 375 
of human activities throughout the park. This area is not considered to be a place to go for 376 
outdoor leisure or gathering activities [27].  377 
A different soundscape strategy was also proposed, aimed at achieving attentional auditory 378 
masking for hot spots where traffic noise reduction is not easily feasible. The sound-pressure 379 
level of a walking sound on a platform covered with gravel was compared with a 15-second 380 
excerpt of traffic noise recorded at a crossroad in Valley Gardens. This was performed with 381 
the idea to show that such a passive sound source could help reducing the perceptual effects 382 
of traffic noise. A simulation of the comparison between the walking sound on gravel and a 383 
typical background noise recorded on site during the soundwalk is shown in Fig. 20. Even 384 
though the masking effectiveness of the walking sound from gravel should be further assessed 385 
with subjective tests, the time history in Figure 20 shows that the walked on material’s sound 386 
level has the potential to exceed a typical road traffic noise as recorded on site. Therefore, it 387 
Figure 19: Sound source dominance map: Traflc (a), Natural sounds (b), Sounds of crowds (c), Sounds of individuals (d) - extracted
from [27].
seems reasonable to assume that this solution could provide energetic as well as attentional 388 
masking for the unwanted sound source. 389 
 390 
Figure 20 – Results of masking effects of proposed solution 391 
Data collection in the test site (both objective measurements and individual responses) 392 
confirmed that road traffic noise is the most relevant noise source while being perceived as 393 
inappropriate to the Valley Gardens area. Therefore, several traffic scenarios proposed by city 394 
planners were tested and calculations showed interesting results, which will be considered 395 
when deciding for a final traffic situation. As a complete soundscape characterisation of the 396 
site is available, the future Valley Gardens will integrate not only the noise levels perspective 397 
but will also support the planning of acoustic restoring areas. Other actions include reduce 398 
noise at source and improve source-receiver environment. Cases 1-6 exemplified this 399 
approach and included actions to avoid noise generation (e.g. different traffic planning), to 400 
reduce noise levels at source (e.g. traffic calming measures) and to improve source-receiver 401 
environment (e.g. noise barrier). 402 
Figure 20: Results of masking effects of proposed solution.
such a passive sound source could help reducing the per-
ceptual effects of traffic noise. A simulation of the com-
parison between the walking sound on gravel and a typ-
ical background noise recorded on site during the sound-
walk is shown in Fig. 20. Even though the masking effec-
tiveness of the walking sound from gravel should be fur-
ther assessed with subjective tests, the time history in Fig-
ure 20 shows that the walked on material’s sound level
has the potential to exceed a typical road traffic noise as
recorded on site. Therefore, it seems reasonable to assume
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that this solution could provide energetic as well as atten-
tional masking for the unwanted sound source.
Data collection in the test site (both objective mea-
surements and individual responses) confirmed that road
traffic noise is the most relevant noise source while be-
ing perceived as inappropriate to the Valley Gardens area.
Therefore, several traffic scenarios proposed by city plan-
ners were tested and calculations showed interesting re-
sults, which will be considered when deciding for a fi-
nal traffic situation. As a complete soundscape charac-
terisation of the site is available, the future Valley Gar-
dens will integrate not only the noise levels perspective
but will also support the planning of acoustic restoring ar-
eas. Other actions include reducing noise at source and
improving source-receiver environment. Cases 1-6 exem-
plified this approach and included actions to avoid noise
generation (e.g. different traffic planning), to reduce noise
levels at source (e.g. traffic calming measures) and to im-
prove source-receiver environment (e.g. noise barrier).
2.3 Gothenburg: Frihamnen area
2.3.1 General description
Located at the mouth of the river Göta, Gothenburg is the
second largest city in Sweden,with around 550,000 inhab-
itants in the urban area, and is mainly composed by the
mainland and the island of Hisingen, making a frame for
the river.
The area called Frihamnen (Free port) is the third
test site of the SONORUS project. Built in the twenties as
Gothenburg’s most inner harbour, it is situated on the
north bank of the river in a former industrial zone in Hisin-
gen. This area (see Fig. 21) is on the way to be transformed
into adense andmixed-useneighbourhood, becomingone
of the biggest urban planning projects in Gothenburg City
Centre.
It worked as a Free Port until 1996 and has been histor-
ically considered a strong link between the mainland and
Hisingen. As such, it has been supporting while suffering
several transformations as part of Gothenburg’s maritime
and industrial past, leading the area to an undefined sit-
uation (see Fig. 22) holding sporadic concerts, sports and
social events.
Frihamnen is framed in the river bank city vision (Älvs-
taden) with the intention to build a more cohesive, inclu-
sive, green and dynamic city open to the world. Under this
long-term planning process, by 2040, Frihamnen area will
hold 15,000-20,000 residents and as many workplaces. In
2021, Gothenburg will celebrate its 400-year anniversary,
2.3. Gothenburg: Frihamnen area 403 
2.3.1. General description 404 
Located at the mouth of the river Göta, Gothenburg is the second largest city in Sweden, with 405 
around 550,000 inhabitants in the urban area, and is mainly composed by the mainland and 406 
the island of Hisingen, making a frame for the river. 407 
The area called Frihamnen (Free port) is the third test site of the SONORUS project. Built in 408 
the twenties as Gothenburg’s most inner harbour, it is situated on the north bank of the river 409 
in a former industrial zone in Hisingen. This area (see Fig. 21) is on the way to be 410 
transformed into a dense and mixed-use neighbourhood, becoming one of the biggest urban 411 
planning projects in Gothenburg City Centre.  412 
 413 
Figure 21 – Gothenburg city and  Frihamnen area 414 
It worked as a Free Port until 1996 and has been historically considered a strong link between 415 
the mainland and Hisingen. As such, it has been supporting while suffering several 416 
transformations as part of Gothenburg’s maritime and industrial past, leading the area to an 417 
undefined situation (see Fig. 22) holding sporadic concerts, sports and social events. 418 
Figure 21: Gothenburg city and Frihamne area.
 419 
Figure 22 – View of Frihamnen area 420 
Friha nen is framed in the river bank city vision (Älvstaden) with the intention to build a 421 
more cohesive, inclusive, green and dynamic city open to the world. Under this long-term 422 
planning process, by 2040, Frihamnen area will hold 15,000-20,000 residents and as many 423 
workplaces. In 2021, Gothenburg will celebrate its 400-year anniversary, and by then, 424 
Friham en is going to allocate a commemorative park, 1,000 houses and the same number of 425 
working places [28]. At the time, the overall structure is determined, however, the entire 426 
planning is under a constant development and nothing has been decided yet in detail (Fig. 23). 427 
 428 
Figure 23 – Preliminary Frihamnen vision for 2040 (provided by Frihamnen working group from the city) 429 
Figure 22: View of Frihamnen area.
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Frihamnen is framed in the river bank city vision (Älvstaden) with the intention to build a 421 
more cohesive, inclusive, green and dynamic city open to the world. Under this long-term 422 
planning process, by 2040, Frihamnen area will hold 15,000-20,000 residents and as many 423 
workplaces. In 2021, Gothenburg will celebrate its 400-year anniversary, and by then, 424 
Frihamnen is going to allocate a commemorative park, 1,000 houses and the same number of 425 
working places [28]. At the time, the overall structure is determined, however, the entire 426 
planning is under a constant development and nothing has been decided yet in detail (Fig. 23). 427 
 428 
Figu e 23 – Preliminary Frihamnen vision for 2040 (provided by Frihamnen working group from the city) 429 Figure 23: Preliminary Frihamnen vision for 2040 (provided by Fri-
hamnen working group from the city).
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2.3.2. Specific challenges 430 
Today, Frihamnen area is exposed to various noise sources. Road traffic is dominant mainly 431 
due to two major road infrastructures located towards north and east. Moreover, there are 432 
several streets that serve as connectors around the area. Also, a busy railway track in the 433 
northeast leads the trains to the outer harbour. This overall layout conducts the area into an 434 
almost non-existent connection to the city, as it is reflected towards the northeast, were 435 
beyond the impenetrable division of around 50 m of railroad tracks and highway (see Fig. 22), 436 
one can find Keiller’s Park and Ramberget, a popular hill in the city. 437 
Despite the multitude noise sources (see Fig. 24), the acoustic environment at Frihamnen area 438 
will be substantially influenced by the future development on the riverbank, changing its 439 
structure with respect to population, business, transportation, etc. 440 
 441 
Figure  24 – Lden (dBA) according to Swedish noise descriptor at Frihamnen area taken from the Noise maps, 442 
Göteborgs kommun published in 2015 [29]. Road traffic and tram (left), railway traffic (right) 443 
In addition, different planning aspects are divided between several authorities. Key players 444 
are the company “Älvstranden Utveckling AB”, the council of Gothenburg with the offices of 445 
traffic (trafikkontoret), real estate (fastighetskontoret) and environment (miljökontoret), as 446 
well as the Swedish road and rail authority (trafikverket). 447 
Regarding the acoustic environment, Gothenburg has developed the Noise Action Plan for 448 
2014-2018 [30]. One of its ambitious objectives is focused on residents, where by 2020, at 449 
Figure 24: Lden (dBA) according to Swedish noise descriptor at Frihamnen area taken from the Noise maps, Göteborgs kommun published
in 2015 [29]. Road traflc and tram (left), railway traflc (right).
and by then, Frihamnen is going to allocate a commemo-
rative park, 1,000 houses and the samenumber of working
places [28]. At the time, theoverall structure is determined,
however, the entire planning is under a constant develop-
ment and nothing has been decided yet in detail (Fig. 23).
2.3.2 Specific challenges
Today, Frihamnen area is exposed to various noise
sources. Road traffic is dominant mainly due to two ma-
jor road infrastructures located towards north and east.
Moreover, there are several streets that serve as connectors
around the area. Also, a busy railway track in thenortheast
leads the trains to the outer harbour. This overall layout
conducts the area into an almost non-existent connection
to the city, as it is reflected towards the northeast, were be-
yond the impenetrable division of around 50 m of railroad
tracks andhighway (see Fig. 22), one canfindKeiller’s Park
and Ramberget, a popular hill in the city.
Despite the multitude noise sources (see Fig. 24), the
acoustic environment at Frihamnen area will be substan-
tially influenced by the future development on the river-
bank, changing its structure with respect to population,
business, transportation, etc.
In addition, different planning aspects are divided
between several authorities. Key players are the com-
pany “Älvstranden Utveckling AB”, the council of Gothen-
burg with the offices of traffic (trafikkontoret), real estate
(fastighetskontoret) and environment (miljökontoret), as
well as the Swedish road and rail authority (trafikverket).
Regarding the acoustic environment, Gothenburg has
developed the Noise Action Plan for 2014–2018 [30]. One
of its ambitious objectives is focused on residents, where
by 2020, at least 95% of the population should be exposed
to noise levels lower than 60 dB (LAEq,24h) at the most ex-
posed façade. As a first step, compensatory measures and
building design adaptations are persuade. However, the
focus is on a long-term perspective, where acoustic envi-
ronment is included in threemain city strategies: planning
development, transport and a dense green city. The pre-
vious may conflict with current plans and actions in the
city, neglecting the interaction between the diverse socio-
technical-ecological systems involved in urban planning
processes, affecting the environmental quality and there-
fore, the livability of spaces. Within this framework, it is
inevitable to recognize the need of tools to enable the inte-
gration of urban sound planning in the new urban devel-
opment.
2.3.3 Integration of urban sound planning
Frihamnen presents a complex situation with a great po-
tential to become a pleasant area, but on the other hand, it
holds several environmental and infrastructure problems
as unstable and contaminated ground, noise and air pollu-
tion, and the omnipresence of major transport infrastruc-
tures. In this sense, transforming the area with the aim
of creating a dense/mixed-use neighbourhood, will add a
huge pressure in terms of traffic demands and community
needs, most likely, increasing the amount of road traffic
inside the area as well as its surroundings, impacting the
city transportation model.
Aspart of thework carried out in SONORUS, adynamic
tool assessment to study the transportation system and its
effects on Frihamnen acoustic environment is under de-
velopment, where its first stage was presented at [31]. The
work is mainly dedicated to the transportation system and
the possibilities to improve its acoustic quality. Transport
system is considered a key in the holistic approach due to
the multiple consequences it has in other systems, gener-
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of the future acoustic environment in connection with its traffic demands (Table 3 and Fig. 476 
25). These scenarios were chosen to attend the possibilities of the area and plausible acoustic 477 
capacities it can hold in terms of quality of spaces (closeness to water, interaction with major 478 
infrastructures, location of residential areas, etc.) 479 
Table 3 - List of studied scenarios (extracted from [31]) 480 
Scenario Description Model layout 
1 Base scenario with adaptations A 
2 Remove parallel road to highway E155 B 
3 Remove roads close to piers C 
4 Transform intersection with lights into roundabout D 
5 Reduce speed on E155 to 50 km/h A 
6 Reduce speed on bridge to 50 km/h A 
7 Reduce speed on road close to piers to 30 km/h A 
8 Remove medium-heavy and heavy vehicles A 
9 Acceleration set to 0 A 
 481 
 482 
Figure 25 - Traffic strategies scenarios (extracted from [31]) 483 
The dynamic tool was performed with a microscopic traffic simulation including vehicle 484 
kinematics, which holds a strong influence in vehicles noise emission. This simulation gives 485 
output data such as location of vehicles, speed and acceleration of each of them, going far 486 
beyond from the traditional static traffic flow analysis used in noise mapping calculations. 487 
The tool integrates a number of scripts developed in Matlab that take as input the data from 488 
Figure 25: Traflc strategies scenarios (extracted from [31]).
Table 3: List of studied scenarios (extracted from [31])
Scenario Descript on Model
layout
1 Base scenario with adaptations A
2 Remove parallel road to highway
E155
B
3 Remove roads close to piers C
4 Transform intersection with lights
into roundabout
D
5 Reduce speed on E155 to 50 km/h A
6 Reduce speed on bridge to 50 km/h A
7 Reduce speed on road close to piers
to 30 km/h
A
8 Remove medium-heavy and heavy
vehicles
A
9 Acceleration set to 0 A
ating a cascade effect capable to improve or decrease the
quality and livability of an area.
In this tool, the study here is focus on developing four
scenarios and nine alternatives to the preliminary traffic
planning from the traffic office (Table 3 and Fig. 25). The
intention is to help in the evaluation of the future acoustic
environment in connectionwith its traffic demands. These
scenarios were chosen to attend the possibilities of the
area and plausible acoustic capacities it can hold in terms
of quality of spaces (closeness to water, interaction with
major infrastructures, location of residential areas, etc.)
The dynamic tool was performed with a microscopic
traffic simulation including vehicle kinematics, which
holds a strong influence in vehicles noise emission. This
simulation gives output data such as location of vehicles,
the microscopic traffic analysis performed through the software Vissim (PTV Vissim 6.0), 489 
obtaining the acoustic characteristics of the considered scenarios through the CNOSSOS 490 
emission model [22]. For it, the worst plausible situation of traffic demand is simulated. As an 491 
example, Fig. 26 shows the noise map of the base scenario with 11 study points. 492 
 493 
Figure 26 – LAeq,900s (dB) for base scenario 494 
An interesting analysis in this type of tool is the possibility to understand the equivalent sound 495 
pressure level LAeq,900s that each road segment contributes to a certain study point, being this a 496 
kind of contribution noise map. For example, comparing the base and second scenario 497 
(removing road parallel to highway) for study point 9, there is a reduction in LAeq,900s by around 2 498 
dB(A) and in Lpeak by 3 dB(A). Fig. 27 shows noise contribution from the road segments for the 499 
previous two cases. 500 
Figure 26: LAeq,900s (dB) for base scenari .
speed and acceleration of each of them, going far beyond
from the traditional static traffic flow analysis used in
noise mapping calculations. The tool integrates a number
of scripts developed in Matlab that take as input the data
from the microscopic traffic analysis performed through
the software Vissim (PTVVissim 6.0), obtaining the acous-
tic characteristics of the considered scenarios through the
CNOSSOS emission model [22]. For it, the worst plausi-
ble situation of traffic demand is simulated. As an exam-
ple, Fig. 26 shows the noise map of the base scenario with
11 study points.
An interesting analysis in this type of tool is the pos-
sibility to understand the equivalent sound pressure level
LAeq,900s that each road segment contributes to a certain
study point, being this a kind of contribution noise map.
For example, comparing the base and second scenario (re-
moving road parallel to highway) for study point 9, there
is a reduction in LAeq,900s by around 2 dB(A) and in Lpeak
by 3 dB(A). Fig. 27 shows noise contribution from the road
segments for the previous two cases.
The next figure (Fig. 28) shows scenarios 1 (base) and
3 (roads close to the piers are removed). Here, indicators
LA50 (dB) and LA10 (dB) are compared for both scenar-
ios in all study points. The results show that for five of the
study points, the change to scenario 3 reduces the events
above LA10; for the rest, the effect is the opposite. Similar
results happen with LA50 indicator. In study point 3, the
number of events is remarkable, 47 in the first scenario,
which is located next to a signalised intersection. In the
case of 3rd scenario, the number of events is reduced to
4. This has consequences in other study points, increas-
ing the events most probably due to the increment in the
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 501 
Figure 27 – Contribution maps for traffic strategies. Base scenario (left). Second scenario (right) 502 
The next figure (Fig. 28) shows scenarios 1 (base) and 3 (roads close to the piers are 503 
removed). Here, indicators LA50 (dB) and LA10 (dB) are compared for both scenarios in all 504 
study points. The results show that for five of the study points, the change to scenario 3 505 
reduces the events above LA10; for the rest, the effect is the opposite. Similar results happen 506 
with LA50 indicator. In study point 3, the number of events is remarkable, 47 in the first 507 
scenario, which is located next to a signalised intersection. In the case of 3rd scenario, the 508 
number of events is reduced to 4. This has consequences in other study points, increasing the 509 
events most probably due to the increment in the number of vehicles through other roads. This 510 
type of analysis is interesting in the sense of setting acoustic qualities and needs to different 511 
space configurations, helping in the development of further steps in terms of annoyance and 512 
number of events. 513 
Figure 27: Contribution maps for traflc strategies. Base scenario (left). Second scenario (right).
74 | S. Alves et al.
 501 
Figure 27 – Contribution maps for traffic strategies. Base scenario (left). Second scenario (right) 502 
The next figure (Fig. 28) shows scenarios 1 (base) and 3 (roads close to the piers are 503 
removed). Her , indi t rs LA50 (dB) and LA10 (dB) are compared for both scenarios in all 504 
study points. The results show that for five of the study points, the change to scenario 3 505 
reduces the events above LA10; for the rest, the effect is the opposite. Similar results happen 506 
with LA50 indicator. In study point 3, the number of events is remarkable, 47 in the first 507 
scenario, which is located next to a signalised intersection. In the case of 3rd scenario, the 508 
numb r of events is reduced to 4. This has consequenc s in other study p ints, increasing the 509 
events most probably due to the increment in the number of vehicles through other roads. This 510 
type of analysis is interesting in the sense of setting acoustic qualities and needs to different 511 
space configurations, helping in the development of further steps in terms of annoyance and 512 
number of events. 513 
Figure 27: Contribution maps for traflc strategies. Base scenario (left). Second scenario (right).
0 1 2 3 4 5 6 7 8 9 10 11
0
5
10
15
20
25
30
35
40
45
50
Study points
N
um
be
r o
f e
ve
nt
s
 
 
Number of events>L10 scenario 1
Number of events>L10 scenario 3
Number of events>L50 scenario 1
Number of events>L50 scenario 3
Figure 28: Number of events above LA10 and LA50 (dB) in scenarios
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As another example of the possibilities the tool has, Fig. 29 represents the equivalent sound 516 
pressure level (LAEq,1h) in all study points for all scenarios, indicating the difference in terms of 517 
noise emission due to different road traffic disposition. 518 
 519 
Figure 29 – LAEq,1h (dB) in all study point at all scenarios 520 
The results show that some of the tested scenarios could in fact improve the future acoustic 521 
situation of the area depending on the acoustic qualities, its functions and uses. Here, the 522 
inclusion of a real scenario allows the planning of real traffic situations, where noise 523 
contribution maps and time patterns may help to understand the consequences of urban 524 
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ing the events most probably due to the increment in the
number of vehicles through other roads. This type of anal-
ysis is interesting in the sense of setting acoustic qualities
nd needs to different space co fi urations, helping in the
development of further steps in terms of annoyance and 5
number of events.
As another example of the possibilities the tool has,
Fig. 29 represents the equivalent sou d pressure level
(LAEq,1h) in all study points for all scenarios, indicating the
difference in terms of noise emission due to different road 10
traffic disposition.
The results show that some of the tested scenarios
could in fact improve the future acoustic situation of the
area depending on the acoustic qualities, its functions and
uses. Here, the inclusion of a real scenario allows the plan- 15
ning of real traffic situations, where noise contribution
maps and time patterns may help to understand the con-
sequences of urban planning processes in the acoustic en-
vironment. Further information about this study can be
found at [31]. 20
Frihamnen project is now in the process to match the
proposed vision and the project it will become. That sit-
uation is demanding an anticipatory process through a
holistic pproach with a strong multidisciplinary collab-
oration. The research conducted within SONORUS at Fri- 25
hamnen area is looking for different possibilities to im-
prove the acoustic quality of spaces, where such tools and
outcomes can enhance an integrated urban development
process. There is a risk that the whole area will confront
even higher noise levels than the current ones. Moreover, 30
the risk is on ignoring the appropriateness of the acoustic
environment to the space uses and functions, denying the
opportunity to allocate different acoustic capacities that
pursue a certain acoustic environment.
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number of vehicles through other roads. This type of anal-
ysis is interesting i the sense f setting acoustic qualities
and needs to different space configurations, helping in the
development of further steps in terms of annoyance and
number of events.
As another example of the ossibilities the tool has,
Fig. 29 represents the equivalent sound pressure level
(LAEq,1h) in all study points for all scenarios, indicating the
difference in terms of noise emission due to different road
traffic disposition.
The results show that some of the tested scenarios
could in fact improve the future acoustic situation of th
area depending on the acoustic qualities, its functions and
uses. Here, the inclusion of a real scenario allows the plan-
ning of real traffic situations, where noise contribution
maps and time patterns may help to understand the con-
sequences of urban planning processes in the acoustic en-
vironment. Further informa ion about this study can be
found at [31].
Frihamnen project is now in the process to match the
p po ed visio and the project it will become. That sit-
uation is demanding an anticipatory process through a
holistic pproach with a strong multidisciplinary collab-
oration. The research co ducted within SONORUS at Fri-
hamnen area is looking for different possibilities to im-
prove the acoustic quality of spaces, where such tools and
outcomes can enhance an integrated urban development
process. There is a risk that the whole area will confront
even higher noise levels than the current ones. Moreover,
the risk is on ignoring the appropriatene s of the acoustic
environment to the space uses and functions, denying the
opport n ty to allocate different acoustic capacities that
pursue a certain acoustic environment.
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2.4 Rome: Colosseum, Palatine and Roman
Forum area
2.4.1 General description
Rome is one of themost populated cities in Europe and it is
best known for its historical and archaeological heritage.
The tourism as an approach to cultural and historical rich-
ness of a city, promotes the emergence of new strategies of
heritage interpretation. These strategies are aimed at en-
hancing the identity of the sites and improve their livabil-
ity.
The Flavian Amphitheatre (Colosseum) and the Ro-
man Forum form a vast archaeological area in the centre
of the City of Rome, one of the most important archaeo-
logical sites in the world, which is enjoyed by more than 6
million visitors per year [32] (Fig. 30).
The area is under the National Monuments and Ar-
chaeological/Historical sites Authority. In the area, con-
struction activities are currently on-going for the “Fori Im-
periali” station of the new metro line.
The area is inserted in the urban structure of Rome,
with busy roads in the perimeter and a high anthropic ac-
tivity. It has been included (see Fig. 31) in the so-called
first acoustic class (highly protected environments where
the quiet is a basic characteristic for their use: hospitals,
schools, areas for resting and recreational purposes, resi-
dential rural areas, parks, etc.) [33].
According to the acoustic zoning, the noise limits in
force are shown in Table 4.
Despite these limits, the sonic environment seems not
suitable to improve the enjoyment of visitors, due to the
road traffic flow (2000–2500 veh/h with 15% heavy vehi-
cles) responsible for levels above 65 dB(A) of LAeq quite
often present in the area. This levels are much higher than
the quality objectives for the day period of the Italian Leg-
islation, established in 47 dB(A) [35]. Although the legisla-
tion requirements are difficult to achieve, the municipal-
ity of Rome has been undertaking some actions in recent
years in order to reduce the levels of noise, like banning
private traffic in a stretch of Fori Imperiali street (green line
in Fig. 32) and along the northern side of Colosseum.
As an example, Table 5 shows the reduction of traffic
flow observed between 8:00–9:00 h. at weekdays after the
traffic restrictions (data provided by Roma City Hall).
Further changes in themobility are planned due to the
working areas of the new underground line, which are in
progress and will affect the acoustic environment.
 546 
Figure 30 – View of the Archaeological/Historical area 547 
The area is under the National Monuments and Archaeological/Historical sites Authority. In 548 
the rea, construction activities are currently on-going for the “Fori Imperiali” station of the 549 
new metro line. 550 
The area is inserted in the urban structure of Rome, with busy roads in the perimeter and a 551 
high anthropic activity. It has been included (see Fig. 31) in the so-called first acoustic class 552 
(highly protected environments where the quiet is a basic characteristic for their use: 553 
hospitals, schools, areas for resting and recreational purposes, residential rural areas, parks, 554 
etc.) [33]. 555 
Figure 30: View of the Archaeological/Historical area.
 556 
Figure 31 – Acoustic classification of the Archaeological/Historical area [34] 557 
According to the acoustic zoning, the noise limits in force are shown in Table 4.  558 
Table 4 - Noise limits in dB(A) for the 1st class acoustic area [35] 559 
Limit values 
LAeq [dB(A)] 
Day-time 
6:00 – 22:00  
Night-time 
22:00 – 06:00 
Immission 50 40 
Emission 45 35 
Quality 47 37 
 560 
Despite these limits, the sonic environment seems not suitable to improve the enjoyment of 561 
visitors, due to the road traffic flow (2000-2500 veh/h with 15% heavy vehicles) responsible 562 
for levels above 65 dB(A) of LAeq quite often present in the area. This levels are much higher 563 
than the quality objectives for the day period of the Italian Legislation, established in 47 564 
dB(A) [35]. Although the legislation requirements are difficult to achieve, the municipality of 565 
Rome has been undertaking some actions in recent years in order to reduce the levels of noise, 566 
like banning private traffic in a stretch of Fori Imperiali street (green line in Fig. 32) and 567 
along the northern side of Colosseum.  568 
Figure 31: Acoustic classification of the Archaeological/Historical
area [34].
Table 4: Noise limits in dB(A) for the 1st class acoustic area [35]
Limit values
LAeq [dB(A)]
Day-time
6:00 – 22:00
Night-time
22:00 – 06:00
Immission 50 40
Emission 45 35
Quality 47 37
2.4.2 Specific challenges
Several challenges were set in order to protect, conserve,
understand a d value the archaeological complex:
• from a wide perspective, i roving the quality and
attractiveness of the outdoor spaces;
• balancing the need for protection of the remains
with allowing maximum access to them;
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 569 
Figure 32 – Restrictions of road traffic in the Archaeological/Historical area 570 
As an example, Table 5 shows the reduction of traffic flow observed between 8:00-9:00 h. at 571 
weekdays after the traffic restrictions (data provided by Roma City Hall). 572 
Table 5 - Traffic flows before and after the private traffic restriction in the Fori Imperiali Street 573 
 574 
Traffic type  veh/hour 
Before  After 
Private 1295 0 
Buses 62 62 
Taxis 560 560 
Total 1917 622 
 575 
Further changes in the mobility are planned due to the working areas of the new underground 576 
line, which are in progress and will affect the acoustic environment. 577 
2.4.2. Specific challenges 578 
Several challenges were set in order to protect, conserve, understand and value the 579 
archaeological complex: 580 
 from a wide perspective, improving the quality and attractiveness of the outdoor 581 
spaces;  582 
Figure 32: Restrictions of road traflc in the Archae logical/Histo ical area.
phase includes the data processing in order to understand the interleaved layers of reality from 609 
technical and psychological points of view: analysing measurements data and surveys 610 
campaigns, studying traffic and people flows and preparing sound propagation models of the 611 
main sources. 612 
 613 
Figure 33 - Panoramic photograph inside the Roman Forum 614 
The in situ data acquisition was divided in two campaigns. The first one, intended to study the 615 
perception of people, consisted of a field survey and sound measurements inside and outside 616 
the Roman Forum and Palatine.  The second one had the aim to evaluate the different sources 617 
through soundwalks, traffic counts, traffic sound registrations and people density. 618 
For the first campaign and in order to evaluate environments with different perceptual 619 
features, the following eig t areas were selected to perform the interviews (see Table 6, Fig. 620 
34 and Fig. 35). 621 
Table 6 – Areas of analysis, Rome test site 622 
1 Entrance to Colosseum 
2 Intersection between Fori Imperiali St. and Labicana St. Level of Colosseum 
Square 
3 Intersection between Fori Imperiali St. and Labicana St. Level of Labicana St. 
4 Entrance to the Palatine (San Gregorio St) 
5 Tourist information point (Zetema) 
6 Terrace. Sight of the Roman Forum 
7 Curia, Temple of Antonio and Faustina 
8 Entrance to Via Sacra. Arch of Tito 
 623 
The questionnaire used for the interviews contained four main groups of questions, namely 624 
demographical, general questions of the area, questions about sounds and questions about 625 
visual elements.  The questions about appraisal were rated in a seven point Likert scale, from 626 
1 (very bad) to 7 (excellent). For example the interviewees were requested to give appraisals 627 
Figure 33: Panoramic photograph inside the Roman Foru .
Table 5: Traflc flows before and after the private traflc restriction in
the Fori Imperiali Street.
Traflc type veh/h ur
Before After
Private 1295 0
Buses 62 62
Taxis 560 560
Total 1917 622
• ensuring the site’s harmonious integration within
th town as a significant part of the heritag , fost r-
ing the city social, cultural and economic develop-
m nt;
• promoting a participative process, taking into ac-
count the expressed or perceived viewpoints of all
stakeholders, including all non-specialist individu-
als and organizations which might rightly have a
valid claim to participate;
• from an acoustic point of view, evaluating the fac-
tors that can affect the sonic environment of the
area.
2.4.3 Integration of urban sound planning
Millions of people go every year to Romewith the intention
to visit the Colosseum, the Roman Forumand the Palatine.
The needs and interests of the tourists should be catered,
and the widely increasing requirements be taken into ac-
count to reach values of excellence according to the expec-
tation of visitors. On th th r ha d, noise levels require-
ments change as society evolves, so the tourist’s demands
will be also evolving in time. Because of this, themerely in-
tervention is not enough; strategies of monitoring the de-
grees of satisfaction after the interventions are needed for
a continuous improvement in order to reach levels of ex-
cellence.
The wide variety of aspects that can affect the satis-
faction of tourist’s demands requires a multidisciplinary
approach to undertake the problems and promote the ma-
terial and immaterial potentialities of the area. With these
particular features, the works has been carried out within
a framework of respect for the archaeological and cultural
historical values of the area and commitment with the vis-
itors.
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on the landscape quality, the environmental quality, the soundscape quality, or their overall 628 
opinion of the area 629 
While the participants were filling in the questionnaire, 15 minutes of audio recordings and 630 
photos were collected (see Fig. 33). The survey campaign was undertaken on weekdays and 631 
weekends in July and September 2014, during the visit period of the archaeological 632 
complex.  During the second campaign, traffic counts were conducted through video 633 
registration in fixed positions while photos were taken to calculate people density (Fig. 34). 634 
Soundwalks were performed inside and outside the limits of Roman Forum and Palatine in 635 
order to analyse the distribution of the sound sources (Fig. 35). 636 
 637 
Figure 34 – Survey campaign areas (left). Traffic counts and sound measurements points (right) 638 
 639 
Figure 35 – Soundwalk performed inside and outside the area of the Roman Forum and Palatine 640 
Figure 34: Survey campaign areas (l ft). Traflc counts and sound measurements points (right).
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registration in fixed positions hile photos ere taken to calculate people density (Fig. 34). 634 
Soundwalks were perfor ed inside and outside the li its of Ro an Foru  and Palatine in 635 
order to analyse the distribution of the sound sources (Fig. 35). 636 
 637 
Figure 34 – Survey campaign areas (left). Traffic counts and sound measurements points (right) 638 
 639 
Figure 35 – Soundwalk performed inside and outside the area of the Roman Forum and Palatine 640 Figure 35: Soundwalk performed inside and outside the area of the Roman Forum and Palatine.
Fourphaseshavebeenestablished to achieve the chal-
lenges reported in the previous section: 1) Acquisition of
data, 2) Data analysis, 3) Conclusions of the analysis, 4)
Proposals.
The first phase is being currently developed. It com-
prises the research on technical and historical literature
and the performance of measurements and surveys cam-
paigns. The second phase includes the data processing
in order to understand the interleaved layers of reality
from technical andpsychological points of view: analysing
measurements data and surveys campaigns, studying traf-
fic and people flows and preparing sound propagation
models of the main sources.
The in situ data acquisition was divided in two cam-
paigns. The first one, intended to study the perception of
people, consisted of a field survey and sound measure-
ments inside and outside the Roman Forum and Pala-
tine. The second one had the aim to evaluate the different
sources through soundwalks, traffic counts, traffic sound
registrations and people density.
For the first campaign and in order to evaluate envi-
ronments with different perceptual features, the following
eight areaswere selected to perform the interviews (see Ta-
ble 6, Fig. 34 and Fig. 35).
The questionnaire used for the interviews contained
four main groups of questions, namely demographical,
general questions of the area, questions about sounds and
questions about visual elements. The questions about ap-
praisalwere rated in a sevenpoint Likert scale, from 1 (very
bad) to 7 (excellent). For example the intervieweeswere re-
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Currently, an analysis of the obtained data and a propagation map of traffic noise are under 641 
development. Some preliminary results of the subjective data analysis are shown in the Fig. 642 
36. As it was expected, the whole complex is visually very attractive for the visitors. 643 
However, the appraisals on the soundscape quality are not always positive. Here, three of the 644 
eight areas (areas 1, 2 and 3) under study present a negative mean score. In order to improve 645 
their livability, traditional noise control measurements could be taken in areas 2, 3 and 4 with 646 
the traffic as predominant sound source. However, voices is the predominant sound source in 647 
area 1, where acoustic quality should be tackled from a different perspective, trying to 648 
improve the overall impression of tourist or attract their attention in other aspects rather than 649 
noise.  650 
As it happens with the landscape appraisal, the general opinion of all the areas is always 651 
positive. Nevertheless, the areas with lower general judgments are the ones with lower ratings 652 
of the soundscape quality. Correlations will be calculated in future steps in order to verify that 653 
this tendency is not just a casualty, and therefore the general opinion of the area is influenced 654 
by the soundscape appraisal. 655 
 656 
Figure 36: Percentage of subjects that have given a certain score on the soundscape quality (left) and the overall quality (right) of the area
(inside and outside of the Roman Forum and Palatine perimeter).
Table 6: Areas of analysis, Rome test site.
1 Entrance to Colosseum
2 Intersection between Fori Imperiali St. and Labicana St.
Level of Colosseum Square
3 Intersection between Fori Imperiali St. and Labicana St.
Level of Labicana St.
4 Entrance to the Palatine (San Gregorio St)
5 Tourist information point (Zetema)
6 Terrace. Sight of the Roman Forum
7 Curia, Temple of Antonio and Faustina
8 Entrance to Via Sacra. Arch of Tito
quested to give appraisals on the landscapequality, the en-
vironmental quality, the soundscape quality, or their over-
all opinion of the area
While the participants were filling in the question-
naire, 15 minutes of audio recordings and photos were col-
lected (see Fig. 33). The survey campaign was undertaken
on weekdays and weekends in July and September 2014,
during the visit period of the archaeological complex. Dur-
ing the second campaign, traffic counts were conducted
through video registration in fixed positions while photos
were taken to calculate people density (Fig. 34). Sound-
walks were performed inside and outside the limits of Ro-
man Forum and Palatine in order to analyse the distribu-
tion of the sound sources (Fig. 35).
Currently, an analysis of the obtained data and a
propagation map of traffic noise are under development.
Some preliminary results of the subjective data analysis
are shown in the Fig. 36. As it was expected, the whole
complex is visually very attractive for the visitors. How-
ever, the appraisals on the soundscape quality are not al-
ways positive. Here, three of the eight areas (areas 1, 2 and
3) under study present a negative mean score. In order to
improve their livability, traditional noise control measure-
ments could be taken in areas 2, 3 and 4 with the traffic
as predominant sound source. However, voices is the pre-
dominant sound source in area 1, where acoustic quality
should be tackled from a different perspective, trying to
improve the overall impression of tourist or attract their
attention in other aspects rather than noise.
As it happens with the landscape appraisal, the gen-
eral opinion of all the areas is always positive. Neverthe-
less, the areas with lower general judgments are the ones
with lower ratings of the soundscape quality. Correlations
will be calculated in future steps in order to verify that this
tendency is not just a casualty, and therefore the general
opinion of the area is influenced by the soundscape ap-
praisal.
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General recommendations have already been pro-
posed to the municipality in this first stage of the study:
• Reinterpret the identity of the perimeter of the ar-
chaeological complex through integrated strategies
of regeneration and urban renewal that include the
newmetro station and the streets Fori Imperiali and
San Gregorio, and the Circus Maximus;
• Provide the tourists with general information about
the routes within the Roman Forum and Palatine;
• Establish a policy of periodic monitoring of the area
through the acquisition of objective and subjective
data of the sonic environment.
• Reduce the levels of traffic noise in the perimeter.
Pedestrianise the area and vehicle speed reduction,
are two possible suggested solutions.
The new proposals for the Rome test site require an
integrated vision about the problem of the area. The high
noise levels suggest that strategies that go beyond the
usual noise control measures are necessary. These strate-
gies can foster the artistic and historic values of the area
through enhancing aspects such as information on the set,
observation of the landscape or enjoyment of the quiet ar-
eas.
3 Discussion
This paper aimed to explore the study of the integration
of urban sound planning through the practical implemen-
tation of the holistic approach in four test sites. A com-
prehensive and global contextualization of each site sup-
ported by approved urban planning methodologies, re-
sulted in innovative acoustic solutions that go beyond the
traditional approach. In order to understand the different
approaches of this integration, we present a brief discus-
sion on the current and future work that is carried out in
each of the sites.
• Antwerp: it is possible to conclude that the noise
abatement solutions applied at the source can reach
important noise reduction for pedestrians and cy-
clists up to 5.8 dB(A). However, noise abatement so-
lutions applied on the propagation path need to be
taken into account as they can have a very strong in-
fluence on noise exposure, achieving a reduction of
22.7 dB(A). Also, it should be noted that the mod-
elling results have been performed in two dimen-
sions, assuming no variation along the third dimen-
sion. They correspond to a 3D model from the sec-
tion infinitely extruded, which is not a real-life case.
However, they are useful for comparing the effi-
ciency of each noise abatement.
The city representative cooperated with the team
and a multidisciplinary approach is included due
to the different professional backgrounds of group
members. The improvement of urban environments
for the citizen’s wellbeing is the main concern, con-
sidering the acoustic, architectonic, urbanistic and
visual experience of the site. Consequently, sound-
scape study, engineering actions, architectural so-
lutions, urban analysis, traffic models and reorga-
nization of traffic flows have been developed, re-
specting and enhancing the characteristic identity
of each area, consolidating the definition of holistic
approach as defined in [7].
• Brighton: the traditional approach provided by the
road traffic noise map was extended by including
the results of research featuring the overall sound
environment characterisation, in both acoustical
and perceptual levels, and showed that the sound
environment of the site is not adequate to the vis-
itors’ expectations. Together, the three tools imple-
mented by thework group (noisemaps, soundmaps
and soundscape maps) proved to be an effective
methodology in the analysis stage, as well as in the
planning of the future site. It supported the city
planners with adequate information to plan urban
interventions towards an improved urban solution.
The ESR´sworking grouphas beenworking together
with city planners to help designing an improved
project for Valley Gardens at a relatively early stage
in the urban planning process. The main acoustic
goal was promoting sound environments that can
foster health and wellbeing for citizens. In order to
implement the holistic concept, the issues related
to the sound environment of the test site were ap-
proached both from a conventional noise control
and from a soundscape perspective [36].
• Gothenburg: there is a tremendous need to confront
the project under a multi-perspective scenario, let-
ting the urban planning process meet the require-
ments of the city, while offering concrete propos-
als from a holistic point of view. The ESR’s working
group has been developing the research in parallel
to the development of the project. Our aim is to show
different alternatives that can be considered by the
city, but also to develop a tool that might be used as
part of the design process. In the case of Frihamnen,
current and future road traffic is one of the most rel-
evant problems. To study the effects of future road
traffic scenarios on the acoustic environment, a dy-
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namic tool is under development, extending the tra-
ditional static noise map studies, presenting a dy-
namic map to assess real scenarios and the differ-
ent alternatives that can be implemented. The out-
put of it is both by noise contributionmaps, evaluat-
ing each road segment and time patterns. The result
is an effective urban sound planning tool that can
be applied by the city, minimizing the existing gap
between current urban development projects and
needs and the practice of urban planning and de-
sign.
Future work will include further development of
the dynamic traffic assessment and its influence on
noise emission, focusing on acoustic indicators, iso-
lating main features to test differences in transport
strategies. Amore advanced propagationmodel will
be incorporated to study the influence that urbande-
velopment has on the acoustic quality. In this sense,
there is an opportunity to shield the noise com-
ing from the northern infrastructures through land-
scape and urban design. For example, including a
berm along the railroad with capacity to allocate ac-
tivities underneath it, bringing a more appropriate-
ness acoustic environment due to the activities de-
veloped, while diminishing noise exposure. In ad-
dition, there are possibilities to allocate roadside ur-
ban screens to protect pedestrians/cyclists. As a sec-
ond step, and, in order to develop indicators to de-
scribe the acoustic environment and the influence
on the well-being of people, listening tests will be
performed.
• Rome: the historical burden of the site adds respon-
sibility to the overall sound planning. It was shown
that on the contrary of other urban areas, the main
focus cannot be constrained to achieve the limits in
force due to the city acoustical zoning. Promoting
a participative process, including the acoustic per-
ception of all the stakeholders, inclusive tourists’,
but at the same time ensuring that future proposed
actions respect the heritage and promotes cultural
and economic development, was part of the imple-
mented process. The integrated approach included
a first analysis of users’ soundscape perceptionwith
sound pressure level measurements. This campaign
was followed by the characterisation of the differ-
ent sources affecting the site: road traffic and peo-
ple density. Although the results are still being anal-
ysed, preliminary results indicate that, in this case,
the soundscape quality does not support the visual
attractiveness, nor supports the historical heritage.
The traditional approach based on noise maps and
acoustic measurements was integrated with a per-
ceptual analysis providing more complete insight
to the characterised situation. Future work includes
objective and subjective analysis of data obtained
in the survey-measurement campaign in order to
get an overview of people’s perception in relation
to the registered acoustic parameters. Sound prop-
agation maps will also be calculated. It is expected
that based on the results, it will be possible to elab-
orate further concrete proposals. The ESR´s working
group of Rome interacted from an early beginning,
with various stakeholders to advise on suitable in-
terventions to take the most of the sound environ-
mentwhile respecting the identity, historical and ar-
chaeological heritage of the area. The municipality
of Rome is very interested in increase the acoustic
quality of the archaeological area, but it is also con-
scious of the complexity of the interventions due to
thedifferent authorities involved in thedecisionpro-
cess of such areas.
The following table (Table 7) is presented as a sum-
mary of the methods, tools, findings and proposals from
the four test sites.
3.1 Implementation of the holistic
approach: SWOT analysis
The holistic approach has been carried out from the be-
ginning of the test sites work. In this sense, the framing
of the problem as well as the methodology, have been ap-
proached from a broader perspective, embracing the con-
cept of urban planning. This demanded a constant re-
thinking of the current practice in sound environment as a
problem-solving approach. It requires thinking far beyond
noise legislation aspects, rising up the idea of an anticipa-
tory process to avoid unnecessary costs and future prob-
lems.
In order to analyse how the holistic approach to urban
soundplanning is being implemented overall in SONORUS
case studies, a SWOT (strengths, weaknesses, opportuni-
ties and threats)matrixwas structured to consider the four
test sites together (Table 8).
From the matrix emerged that SWOT factors are quite
common to all test sites, and they are summarized in a sin-
gle main aspect for each test site, considering the general
SWOT criteria: (S) project characteristics that give advan-
tage over others, (W) characteristics that place the project
at a disadvantage relative to others, (O) elements that the
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project could exploit to its advantage, and (T) elements
that could cause trouble to its development and success.
Interestingly, the possibility of not seeing realized the
interventions proposed by the working groups, seems to
be a common concern. This raises a question about the
awareness that actors and stakeholders of the planning
processmight have about the sound environmentmanage-
ment andurges to rethink the role of theurban soundplan-
ner.
Another major aspect reflected as weakness in the
SWOT analysis is the interaction with stakeholders and
its impact in the research methodology and tools. Contact
with the main stakeholders varies between the test sites.
This fact may enhance but also constrain the outcomes of
the study by e.g. lacking information and difficulties ac-
cessing certain stakeholders.
As an EUproject, SONORUShas a fixed existence, end-
ing in October 2016. This time window will, in most cases,
not be enough to validate certain steps of the urban plan-
ning process,meaning by that its effective implementation
and verification of the expected results. As discussed be-
fore, positive outcomes are already demonstrated by this
approach, resulting in improved solutions and innovative
tools. One of the strengths of this approach is that holis-
tic urban sound planning shares the scope of urban plan-
ning process, which is to make spaces more liveable while
efficient, avoiding the idea of an isolated action to tackle
“noise issues”.
4 Conclusions
This paper proposed and demonstrated a procedure to ex-
tend the traditional urban planning process from isolated
systems. Conventionally, disconnect needs as densifica-
tion, visual aesthetics’, transport demands or economic
reasons, are leading the projects, neglecting the idea of a
holistic approach. Under this manifold, city planners de-
mand solutions that are innovative enough to improve the
livability of spaces. With this paper, we try to grasp and
implement ideas under a holistic view, where actions car-
ried out by all urban development actors generate a cas-
cade effect that can diminish the acoustic quality of cities.
However, the approach goes far beyond, raising the impor-
tance of sound as part of quality in the living environment,
rejecting the narrow view of legislation and noise abate-
ment as the only chances to include urban soundplanning
in the urban development agenda.
The results presented here showed that there is a wide
range of possible approaches to a holistic planning that
embraces sound in the urban development agenda with
successful results. As stated in Antwerp, with the inten-
tion to restore a damaged sound environment, protecting
pedestrians and cyclists, it was showed that using calcula-
tions methods, such as full wave FDTD numerical method
to include adapted noise abatement solutions in the prop-
agation path, may have a strong influence in the improve-
ment of the sound environment. As for Brighton, it targets
also a damaged sound environment. The outcomes show
that the combined tool of road traffic noise maps, sound-
walks and “sound sources’ dominancemap”may enhance
the possibilities to intervene in the sound environment of
an area from a broader perspective. The city of Gothen-
burg had a different approach with a large new urban de-
velopment of great importance due to its strategic loca-
tion. The tools used in the holistic approach analysed the
sound environment from the traffic planning perspective.
The dynamic noise maps tool is capable to analyse traffic
time patterns and noise events, rethinking the traffic lay-
out, studying different possibilities to improve the future
acoustic environment, and its demanded qualities. Last,
but not the least, the city of Rome confronts a very par-
ticular test site, where research on the history of the area,
had led to different problemapproaches. In order to under-
stand its particularities, measurements and surveys has
been carried out and a series of recommendations in order
to improve the sound environment of the area have been
delivered to the city.
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